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Description 

Water Jet Device for Separating of a Biological Structure 

The Invention relates to a water jet device according to the preamble of 
claim 1. 

Water jet devices and their apphcation in the medical field are known in 
fy many variations. The advantage of water jet devices relative to mechanical 

surgical devices and methods is based first in a more gentle treatment of the 
Q biological structures. 

B 

In general such devices are associated with the disadvantage that the 
separating liquid cannot be maintained sterile and that the pressure of the 
separating medium exiting is subject to relatively large variations. 

Now a water jet device is described in the German printed patent document 
DE 4200976, which avoids these disadvantages and which comprises 
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essentially a pressure loaded piston cylinder device, wherein a receiver 
container for the separating medium is fitted into the cylinder space of the 
piston cylinder device. The receiver container for the separating medium is 
here a cartridge and is connected to a separating nozzle through a line. The 
separating medium is kept sterile by the separation of pressure medium and 
separating medium and by the stable cartridge and the pressure situations of 
the separating medium remain constant and reproducible. 

This assures a water jet in a laminar region and thereby an advantageous 
sharp edge feature of the water jet. 

A similar water jet device is known from the United States patent 5,037,431, 
wherein the water jet device is also fiimished with a separating nozzle, 
wherein the separating nozzle is disposed at the distal end of the supply line 
and exhibits a cylindrical cross-section. 

All water jet devices known up to now are however associated with the 
disadvantage that the water jet impinges onto the biological structure 


bundled and with its total cross-section. For example soft tissue easily 
yields to this pressure suqh that a relatively wide and also frequently dirty 
separating cut results. The biological structure is thereby exerted and loaded 
excessively. A further refinement of the water jet by a further reduction of 
the nozzle diameter is technically limited. Such a water jet is also difficult 
to apply under liquid, since such water jet exhibits disintegration 
appearances already shortly after the exiting out of the nozzle and since the 
separating sharpness of the water jet is lost. In particular cases an increased 
destruction of the biological structure is associated with a necessary increase 
of the flow pressure, since in addition the separating force of the water jet is 
determined exclusively by the size of the flow pressure freely selectable by 
the operator. 

It is an object of the present invention to improve the separating sharpness of 
water jet devices of the preceding kind and to maintain water jet devices as 
far as possible independent of the flow pressure of the separating medium. 


This object is accomplished by the characterizing features of claim L 
Advantageous embodiments of the invention result from the features of 
claims 2 through 5. 

The invention eliminates the recited disadvantages of the state of the art. 

The high separating accuracy of the water jet is a particular advantage. The 
separating precision is further increased by the novel and rotated water jet 
relative to a laminar and straight directed water jet. This is achieved by 
having the water particles transposed into the outer circumference of the 
water jet by the rotation of the water jet, where the water particles assume an 
increased circumferential speed relative to the water particles remaining in 
the middle and thus form a cutting-edge circulating in the circumferential 
region. This circulating cutting-edge is comparable with the circulating 
blade of a wood drill or of a hole circular saw and separates more precisely 
as the complete attack face of a straight water jet because of the smaller 
attack face of the separating edge. The liquid pressure can be decreased 
with the improved separating effect, which is associated with advantageous 


effects energetically for the complete water jet device. The water jet formed 
in this manner does not only drill very well into the most different biological 
structures, but also into liquids. Therefore the new water jet is also 
extremely suitable for operations under liquids because of the maintenance 
of coherence by the water jet. 

It is also advantageous that the lesser axial force component of the flow 
pressure also generates a lesser counter force observable as recoil. This 
alleviates the operation since the operator does not have to observe the 
distance of the separating nozzle from the tissue. In contrast the feeling for 
the momentary separating force remains with the operator without 
disadvantageous effects, since the momentary flow force is made felt to the 
operator by the counter force of the radial force component acting on the 
handle. This all increases the capability of the operator to concentrate. The 
new rotated water jet forms with extremely sharp edges by the relationship 
of diameter and length of the nozzle channel. It is also very advantageous 
for the sharp edge feature of the water jet, if for this purpose a slope of the 
spiral flutes is selected, wherein the slope of the spiral flutes is larger than 


the diameter of the nozzle channel. It is also an advantage for the formation 
of a sharp edge water jet, if a rounded cross-sectional shape is selected for 
the spiral flutes. 

It has proven to be advantageous where the supply capillary is employed 
supporting that the water jet as a blunt separating tool, which as far as 
possible makes a sharp preparation of the tissue unnecessary and thereby 
avoids stronger bleedings. The new supply capillary can also be combined 
with other mechanical separating tools. This expands the field of application 
of the water jet device. 

It is a particular advantage where the supply capillary is made of a current 
conducting material and is connectable to a high frequency mono polar or 
bipolar current supply device. For example such thin tissue threads can 
thereby be separated by heat in an expansion space between different tissue 
structures, where such thin tissue structures would escape from a water jet. 


The invention is to be explained in more detail in the following by way of an 
example embodiment. 

There is shown in: 

Figure 1: a simplified and symbohc presented water jet device, 

Figure 2: a precision nozzle in a partial sectional view, and 

Figure 3: the precision nozzle in a firont elevational view. 

The water jet device comprises mainly according to figure 1 a pressure 
stream generator 1, a control and automatic control unit 2 and a supply 
capillary 3 with a handle. A connectable pulse generator 5 is switched in 
between the pressure line 4 leading from the pressure current generator 1 to 
the control and automatic control unit 2, wherein further additional devices 
such as for example a laser device 6, a heating device 7 and/or a freezing 
device 8 are switched in parallel to the pulse generator 5. The control and 


automatic control unit 2 is furnished with a supply capillary 3 and is 
furnished with actuating devices not illustrated, wherein the operator can 
preselect all parameters influencing the water jet with the aid of the 
actuating devices and can steplessly automatically control all the parameters. 
The control and automatic control device 2 is connected to a supply capillary 
3 through a supply line 9. A discharge capillary 10 can be fumished 
disposed parallel to the supply capillary 3, wherein the discharge capillary 
10 can be fumished in a constructive unit or as a separate element with 
respect to the supply capillary 3 and wherein the discharge capillary 10 is 
connected to the control and automatic control unit 2 through a discharge 
line 11. An automatically controllable discharge pump 12 supplies the 
required under-pressure. One or several controllable and automatically 
controllable additional units 13 are disposed in parallel to the discharge 
pump 12. 

The supply capillary 3 is fumished at its distal end with the separating 
nozzle 14 according to the present invention as shown in figures 2 and 3, 
This separating nozzle 14 is fumished with a nozzle channel 15 ^ wherein the 


nozzle channel 15 is in a particular way equipped with the one or several 
parallel and circulating twisted grooves or spiral flutes 16. The spiral 
grooves 16 can exhibit an arbitrary cross-sectional shape, wherein a round 
cross-sectional shape is advantageous. The ratio of the slope of the spiral 
flutes 16 to the diameter of the nozzle channel 15 is selected larger than 1 
from a flow technical point of view. 

The supply capillary 3 is constructed such in connection with the separating 
nozzle 14 that the distal end of the supply capillary 3 is employable as an 
additional mechanically acting separating agent. 

The mode of operation of the water jet device is to be described by way of 
the hydro disectional method. Initially the water jet device is here made 
ready for operation such that the water jet is available with a 
correspondingly pre-programmed pressure, quantity and temperature ready 
for calling. Then the supply capillary 3 is inserted, punctured and pierced 
into the tissue and is led into the boundary layer region of different tissues. 
Liquid is applied in this region in the following through the supply capillary 
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3, whereby an expansion space forms between the different tissues and 
wherein the expansion space presses the tissues apart from each other. Soft 
tissue components are here already dissected at the lowest pressures, hard or 
elastic structures are tensioned and remain initially still uninjured. In case of 
very firmly at each other resting structures, this process can be supported by 
pulsating the water jet. 

The water jet exhibits here a particular effect. The laminar flow of the water 
jet is deflected by the spiral grooves 16 disposed in the nozzle channel 15 of 
the separating nozzle 14 and a rotary motion is initiated in circumferential 
direction. The flow force of the water jet directed into the separating nozzle 
14 is thereby subdivided into an axial remaining force component and a 
radially added force component. A rotated water jet is formed, where the 
laminar flow remains in the water jet since the tracks of motion of the 
individual water particles remain running further parallel to each other. The 
radially acting force component interacts with the water jet and transposes 
increasingly into the region close to the circumference, where the water 
particles move with an increased circumferential speed. A closed circulating 
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separating edge in a form comparable to a wood drill is thereby formed in 
this region of the water jet. Of course this separating edge exhibits naturally 
an increased separating force relative to a straight water jet. 

The water amount entered through the supply capillary 3 can be withdrawn 
again from the tissue region through the discharge capillary 10 if required. 

List of reference characters 

1 pressure stream generator 

2 control and automatic control unit 

3 supply capillary 

4 pressure line 

5 pulse generator 
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6 laser apparatus 


7 heating device 


8 freezing device 


9 supply line 


10 discharge capillary 


1 1 discharge line 


12 discharge pump 


13 additional unit 


14 separating nozzle 


15 nozzle channel 

16 spiral flute 


H 

111 
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Patent claims 


1. Water jet device for separating of a biological structure, essentially 
comprising a pressure stream generator (1), an operatable control and 
automatic control unit (2) and a supply capillary (3) with the separating 
nozzle (14), wherein the separating jet exits from the separating nozzle (14), 
wherein the separating nozzle (14) shows a cylindrical cross-section and 
wherein the separating nozzle is disposed at the distal end of the supply 
capillary (3), 

wherein the separating nozzle (14) is furnished with a nozzle channel (15) 
wherein the nozzle channel (15) is furnished at its periphery with at least one 
spiral flute (16) and wherein the number of the spiral flutes (16) and the 
diameter and the length of the nozzle channel (15) are standing in such a 
relationship to each other that the separating jet standing under pressure 
becomes rotated. 
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2. Water jet device according to claim 1 wherein the slope of the spiral 
flutes (16) is dimensioned larger than the diameter of the nozzle channel 
(15). 


3. Water jet device according to claim 2 wherein the spiral flutes (16) 
exhibit a rounded cross-sectional shape. 

4. Water jet device according to claim 1 wherein the supply capillary (3) is 
equipped with one or several separating tools for mechanical working of the 
biological structure in the region of the separating nozzle (14) of the supply 
capillary (3). 

5. Water jet device according to claim 1 wherein the supply capillary (3) is 
made out of a current conducting material and is connectable to a high 
frequency current supply device. 
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Abstract of the disclosure 


Water jet device for separating of a biological structure 

The water jet of a conventional water jet device is straight, bundled and 
impinges with its complete cross-section onto the biological structure to be 
separated. This renders the separating section frequently imprecise and 
requires an increased flow pressure. Therefore, a water jet device with a 
novel separating nozzle (14) is fumished. This separating nozzle (14) is 
furnished with a nozzle channel (15), wherein the nozzle channel (15) is 
fumished with one or several twisted grooves (16) at the circumference of 
the nozzle channel (15) and wherein the number of the twisted grooves (16) 
and the diameter and the length of the nozzle channel (15) are placed in such 
ratio that the separating jet subjected to pressure is rotated. 
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Patent claims 

1. Water jet device for separating of a biological structure, essentially 
comprising a pressure flow generator (1), an operatable control and 
automatic control unit (2) and a supply capillary (3) with a separating nozzle 
(14), wherein the separating jet exits from the separating nozzle (14), 
wherein the separating nozzle (14) is fumished with the nozzle channel (15) 
with a cylindrical section and wherein the separating nozzle (14) is disposed 
at the distal end of the supply capillary (3), 

wherein the separating nozzle (14), as is known in principle is disposed 
fixedly positioned and coaxial to the supply capillary (3) and wherein the 
nozzle channel (15) is fumished with at least one twisted groove (16) and 
wherein the number of the twisted grooves (16) and the diameter and the 
length of the nozzle channel (15) are placed in such a ratio to each other that 
the separating jet subjected to pressure is rotated. 


2. Water jet device according to claim 1 wherein the slope of the spiral 
flutes (16) is dimensioned larger than the diameter of the nozzle channel 
(15). 


3. Water jet device according to claim 2 wherein the spiral flutes (16) 
exhibit a rounded cross-sectional shape. 

4. Water jet device according to claim 1 wherein the supply capillary (3) is 
equipped with one or several additional separating tools for mechanical 
working of the biological structure in the region of the separating nozzle 
(14) of the supply capillary (3). 

5. Water jet device according to claim 1 wherein the supply capillary (3) is 
made out of a current conducting material and is connectable to a high 
frequency current supply device. 


